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Description 

Field of the Invention 

[0001 ] The present invention relates to a method and 
a device for vibration control, and more specifically a 
device, a method and a tool holder for vibration control 
in cutting, according to the preambles of claims 1, 7 and 
9 repectively. 

Background Art 

[0002] In cutting, such as turning, drilling, milling or 
planing, dynamic motion arises between the tool and the 
workpiece. The motion is largely due to the fact that the 
chip-forming process, i.e. the removal of the generally 
relatively hard material from the workpiece, results in dy- 
namic excitation of the tool, especially the tool holder. 
The dynamic excitation results in a dynamic motion, in 
the form of, for instance, elastic bending or torsion, of 
the tool and the tool holder. The chip-forming process is 
largely stochastic and the excitation appears in the form 
of tool vibrations and noise. In addition to thus causing 
problems in the working environment, the dynamic mo- 
tion also affects the evenness of the surface of the work- 
piece and the service life of the tool. 
[0003] It is therefore important to reduce the dynamic 
motion as far as possible. It is known that the vibration 
problem is closely connected with the dynamic stiffness 
in the construction of the machine and the material of 
the workpiece. It has therefore been possible to reduce 
the problem to some extent by designing the construc- 
tion of the machine in a manner that increases the dy- 
namic stiffness. 

[0004] An important part of the construction is the ac- 
tual tool holder. The cutting tool, for instance turning in- 
sert (ortooth), milling teeth or drilling teeth, is rigidly sup- 
ported by the tool holder. Consequently the vibrations 
arising between the cutting edge and the workpiece are 
transferred almost completely to the tool holder. In many 
cases, it is the lack of dynamic stiffness of the tool holder 
that is a main problem. 

[0005] Efforts have therefore recently been made to 
increase the dynamic stiffness of the actual tool holder 
by means of active technique in order to control the re- 
sponse of the tool. This means that active control of the 
tool vibrations is applied. 

[0006] The active control comprises the introduction 
of secondary vibrations, orcountervibrations, in the tool 
by means of a secondary source which is often called 
actuator. The actuator is operated in such manner that 
the countervibrations interfere destructively with the tool 
vibrations. 

[0007] US-4,409,659 discloses an example of such a 
control unit. An ultrasonic actuator is arranged on the 
tool holder and produces countervibrations in the tool. 
The operating current of the actuator is controlled ac- 
cording to physical parameters that are measured and 



by means of the work of the actuator are kept within de- 
fined limits. This construction is unwieldy since the ac- 
tuator is a comparatively large component which must 
be mounted on a suitable surface of the tool holder. 

5 Moreover, the directive efficiency is not quite distinct. 
[0008] JP-63, 180,401 , which is considered to repre- 
sent the closest state of art, according to the preambles 
of claims 1 , 7 and 9, discloses a very different solution 
where the actuator is built into the tool holder which 

10 holds a turning insert. A laterally extending through hole 
which is rectangular in cross-section is formed in the tool 
holder. A piezoelectric actuator, in series with a load de- 
tector, is fixed between the walls that define the hole in 
the longitudinal direction of the tool holder. The load de- 

15 tector detects the vibrations and is used by a control unit 
to generate, via the actuator, countervibrations which re- 
duce the dynamic motion. This construction necessi- 
tates a considerable modification of the tool holder and 
indicates at the same time that the designer has not 

20 been aware of the essence of the excitation process. In 
fact, the modification counteracts the purpose of the 
construction by reducing the stiffness of the tool holder 
in the most important directions, above all vertically, 
which in itself causes a greater vibration problem, or al- 

6 ternatively means that the dimensions of the tool holder 
must be increased significantly in order to maintain the 
stiffness. During turning, the rotating workpiece produc- 
es a downwardly directed force on the cutting edge. 
When the cutting edge offers resistance, material is bro- 

30 ken away from the workpiece. In this context, most of 
the vibrations arise. In JP-63,1 80,401, one imagines 
that the surface of the workpiece is uneven (wave-like) 
and thus mainly excites the tool holder in its longitudinal 
direction. Via the actuator, one generates an oscillation 

35 in opposition towards the wave pattern and thus obtains 
a constant cutting depth. 

[0009] There is thus a need for a solution which con- 
trols the most essential vibrations in cutting, such as 
turning, milling, drilling or planing, and which causes a 
40 minimum of negative effects, such as bulky projections 
of dynamically weakening modifications, and still has a 
good effect. 

Summary of the Invention 

45 

[0010] An object of the present invention is to provide 
a device and a method for controlling of tool vibrations, 
said device and said method having no or at least a neg- 
ligible negative effect on the dimensions of the tool. 

so [0011] Another object of the present invention is to 
provide a device and a method for controlling of tool vi- 
brations, said device and said method having no or at 
least a negligible negative effect on the mechanical 
properties of the tool. 

55 [0012] A further object of the invention is to provide a 
device and a method for controlling of tool vibrations, 
said device and said method producing a directed and 
direct control of the tool vibrations. 
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[001 3] One more object of the invention is to provide 
a device and a method for controlling of tool vibrations, 
said device and said method enabling control of tool vi- 
brations in an optional direction. 
[0014] The objects with regard to a device are 
achieved by a device for vibration control in a machine 
for cutting, said machine comprising a cutting tool sup- 
ported by a tool holder, the device comprising a control 
unit and converting means which are connectible to the 
control unit and comprise a vibration sensor and an ac- 
tuator, and the actuator comprising an active element 
which converts an A.C. voltage supplied by the control 
unit across the actuator into dimensional changes. The 
device is characterised in that said active element is 
adapted to be embedded in the body of the tool holder, 
and that said active element is adapted to be embedded 
in such manner that said dimensional changes impart 
turning moments to the body of the tool holder, accord- 
ing to claim 1 . 

[0015] The objects with regard to a method are 
achieved by a method for vibration control in cutting ac- 
cording to claim 7, comprising the steps of detecting the 
vibrations of a tool holder during cutting, and generating 
control vibrations in the tool holder, by means of at least 
one active element which is electrically controllable to 
dimensional changes. The method is characterised by 
the steps of embedding said active element in the body 
of the tool holder and, for generating the control vibra- 
tions, imparting turning moments to the body of the tool 
holder by generating at least one control voltage and 
applying the control voltage across said active element, 
and by varying the control voltage according to the de- 
tected vibrations. 

[0016] The idea of embedding according to the inven- 
tion at least one active element in the tool holder, as per 
claim 9, implies a minimal modification of the tool holder 
and at the same time uses the rapidity and the capability 
of changing dimensions of the active element in an op- 
timal manner. The embedding makes it possible to 
transfer more efficiently the dimensional change direct 
to the body of the tool holder and with maximum efficien- 
cy. The prior-art technique according to JP-63,1 80,401 
where the actuator element is arranged freely exceptfor 
the end walls gives space for outwards bending of the 
actuator element, whereby power is lost. The embed- 
ding is also advantageous by the device being usable 
in practice since it is protected against cutting fluids and 
chips. The known devices are possibly usable for labo- 
ratories, but not in the industry. 
[0017] The device is adapted to impart a turning mo- 
ment to the tool holder through the arrangement of the 
active element/elements. The corresponding actuator 
element in JP-63,1 80,401 is deliberately arranged so 
that the dimensional change occurs along the longitudi- 
nal axis of the tool holder, which does not result in a 
turning moment. This depends on the above-mentioned 
lack of knowledge of what primarily causes the vibration 
problems. Thus one has not realised that the most im- 



portant excitation forces have any other direction but 
parallel with said longitudinal axis. Even with this knowl- 
edge, the construction according to JP-63,1 80,401, 
however, is not easily adjustable to any other kind of 

5 mounting than the one shown. 

[0018] The active element according to the invention 
can be made small. This makes it easy to build the active 
element into the tool holder when manufacturing the 
same without any detrimental effect on the mechanical 

w properties of the tool holder. Besides it will be possible 
later to mount the element in existing tool holders. 
[0019] Moreover, the mounting will be flexible since 
the active element may be mounted with an optional ori- 
entation. Consequently it will be possible to achieve 

'5 maximum controllability for vibrations of practically any 
direction whatever. 

Brief Description of the Drawings 

20 [0020] The invention will now be described in more 
detail with reference to the accompanying drawings, in 
which 

Fig. 1 exemplifies in a perspective view the applica- 
25 tion of forces on a cutting tool; 

Fig. 2 is a schematic cross-sectional view of an em- 
bodiment of the invention applied to a tool for turn- 
ing; 

Fig. 3 is a block diagram of controlling according to 
30 the embodiment in Fig. 2; and 

Fig. 4 illustrates a different embodiment of the in- 
vention applied to a tool for milling. 

Detailed Description of Embodiments 

35 

[0021 ] A basic object of the invention is to counteract 
the arising of vibrations causing noise, wear and uneven 
surfaces in connection with cutting of a workpiece. The 
casual relation for the arising of vibrations in cutting has 

40 been described above. A correctly performed vibration 
control according to the invention obviates the problems 
and results in an excellent surface finish. 
[0022] Fig. 1 shows an example of forces to which a 
tool 1 , in this case a turning insert, is exposed owing to 

45 the working of a workpiece 2. The tool 1 is supported by 
atool holder3, with which the tool 1 is rigidly connected. 
The workpiece 2 rotates in the direction of arrow A. The 
tool holder 3 moves in a direction of feed indicated by 
arrow B. The rotation of the workpiece 2 and the motion 

so of the tool holder 3 together generate a resultant force 
as illustrated by arrow f. The resultant force f can be 
divided into components f f , f p and f v . As appears from 
Fig. 1 , the dominating component is f v which designates 
the force required to remove material from the work- 

55 piece 2. 

[0023] Fig. 2 exemplifies an embodiment of the inven- 
tive device and how this embodiment is used in turning. 
Fig. 2 is a schematic longitudinal cross-section of a tool 
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in the form of a turning insert 21 , and a tool holder in the 
form of a turning insert holder 23, which correspond to 
the tool 1 and the tool holder 3, respectively, in Fig. 1 . 
A rotating workpiece is shown in cross-section at 22. 
The inventive device is in this example arranged to re- 
duce/counteract the vibrations caused by theforce com- 
ponent^ and indicated by arrow C. The device compris- 
es converting means, which consist of plate-shaped 
sensors 24, 25 and plate-shaped actuators 26, 27. The 
actuators 26, 27 comprise active elements, here one el- 
ement each, which in this embodiment consist of pie- 
zoceramic elements which change dimension when an 
electric voltage is applied across them. The dimensional 
change is related to the voltage. A piezoceramic ele- 
ment can in turn be designed as a unit or advantageous- 
ly be made up as a so-called stack and/or of several 
partial elements. Thus, the element can be a solid body 
or a plurality of individual, but composed and interacting 
bodies. The sensors 24, 25 are piezoelectric crystals 
which generate an electric voltage when subjected to 
forces. The device further comprises a control unit 28 
which is electrically connected to the sensors 24, 25 and 
the actuators 26, 27 via a conduit 29 containing a plu- 
rality of conductors. For the sake of clarity, only those 
conductors 30-33 are shown in the tool holder 23 which 
are connected to the actuators 26, 27, but of course con- 
ductors are also arranged for the sensors 24, 25. 
[0024] The active elements, i.e. the piezoceramic el- 
ements, 26, 27 are embedded in the tool holder 23. In 
this case, and as a preferred embodiment, the embed- 
ding is made by casting. The casting is carried out by 
forming for each active element 26, 27 a recess in the 
body of the tool holder 23, whereupon the active ele- 
ment 26, 27 is arranged therein and covered by casting. 
The active element 26, 27 is glued preferably to the bot- 
tom surface of the recess. The sensors 24, 25 are fixed 
by casting in the same way as the active elements. The 
conductors 30-33 are also cast into the tool holder 23. 
[0025] The converting means 24-27 are oppositely ar- 
ranged in pairs and in parallel, in the form of one pair of 
sensors 24, 25 and one pair of actuators 26, 27. An up- 
per sensor 24 of the sensors 24, 25 is arranged close 
to the upper side 23a of the tool holder 23, and a lower 
sensor 25 of the sensors 24, 25 is arranged close to the 
underside 23b of the tool holder 23. The actuators 26, 
27 are arranged correspondingly, i.e. with an upper and 
a lower actuator26, 27 arranged close to the upper side 
23a andthe underside 23b, respectively, of the tool hold- 
er 23. 

[0026] The device operates as follows. When during 
turning the tool 21 and the tool holder 23 vibrate up and 
down according to arrow C, the sensors 24, 25 are sub- 
jected to alternating pulling and pressing forces. Each 
sensor 24, 25 then generates a voltage which varies 
concurrently with the variations in forces. The sensor 
voltages are detected and analysed by the control unit 
28. The control unit 28 generates two control voltages, 
in the form of A.C. voltages, which are supplied to an 



actuator 26, 27 each and are applied across the pie- 
zoceramic elements 26, 27. The piezoceramic elements 
26, 27 are elongate in the longitudinal direction of the 
tool holder 23, and the conductors 30-33 are connected 

5 in pairs to a piezoceramic element 26, 27 each in their 
respective front ends 26a, 27a and rear ends 26b, 27b. 
When voltage is applied to the actuators 26, 27 by 
means of the control voltages, the piezoceramic ele- 
ments 26, 27 are thus extended to a greater or smaller 

10 degree depending on the magnitude of the voltages. In 
other words, each piezoceramic element 26, 27 obtains 
a dimensional change in its longitudinal direction, which 
in the present example is also the longitudinal direction 
of the tool holder 23. The piezoceramic elements 26, 27 

15 preferably have power-transmitting surfaces, in this 
case their end surfaces at the ends 26a, 26b, 27a, 27b 
which abut directly against surfaces in the body of the 
tool holder23. Moreover, the piezoceramic elements 26, 
27 are spaced from the centre axis l-l of the tool holder 

20 23. The expression "spaced from the centre axis" 
means in general terms that the centre axes of the pie- 
zoceramic elements 26, 27 do not coincide with the cen- 
tre axis of the tool holder 23. If the centre axes should 
coincide, no turning moment would be obtained, but 

25 merely a pure longitudinal change of the tool holder 23. 
In the preferred embodiment, the piezoceramic ele- 
ments 26, 27 are arranged close to the surface for the 
moment arms to be as long as possible. In the present 
example, the dominating vibration is vertical, which 

3D means that the forces induced by means of the piezoce- 
ramic elements 26, 27 in the first place strive to bend 
the end of the tool holder 23 upwards and downwards. 
[0027] The turning moments thus act round an axis 
which is perpendicularto the centre axis l-l and arecon- 

35 trolled so as to operate in opposition to the turning mo- 
ments induced by the workpiece 22 during working ow- 
ing to its rotation. This reduces the vibrations. Thus the 
control unit 28 generates such control voltages that the 
forces induced by the actuators 26, 27 are in opposition 

40 to the forces detected by the sensors 24, 25. 

[0028] The control unit 28 is selectable among many 
different types, such as analog, fed-back control unit, 
conventional PID regulator, adaptive regulator or some 
other control unit suitable in a current application. Pref- 

45 erably the control unit strives to control the vibrations 
towards an optimal state. The control can imply, for in- 
stance, minimising of the vibrations in one or all direc- 
tions, in which case the optimal state can be completely 
extinguished vibrations. A large number of known con- 
so trol algorithms are available. It is desirable to find the 
most efficient one for a certain application. Regarding 
the above-described embodiment in connection with 
turning, the analysis of the sensor signals, i.e. the volt- 
ages generated by the sensors, and the generation of 

55 the control signals, i.e. the control voltages, to the pie- 
zoceramic elements 26, 27 occur as follows. 
[0029] A preferred embodiment of the control system 
which the control unit 28, the sensors 24, 25 and the 
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piezoceramic elements 26, 27 constitute, is fed back 
and based on a so-called "Filtered-X LMS-algorithm". It 
is true that this algorithm is per se known to those skilled 
in the art. Fig. 3 illustrates an equivalent block diagram 
of the fed-back control system in a digital description. 
[0030] Block 301 , which is also designated C, repre- 
sents the dynamic system controlled, which contains the 
actuators 26, 27 and the sensors 24, 25. The other 
blocks represent an implementation of said algorithm. 
Block 305 represents an FIR filter with adjustable coef- 
ficients, block 307 represents an adaptive coefficient ad- 
justing means, and block 309 represents a model (C*) 
of the dynamic system 301 . 

[0031] Seen from a functional, mathematic perspec- 
tive, the dynamic system constitutes a forward filter, 
whose output signal, i.e. the response of the dynamic 
system, is y c (n). The coefficient adjusting means 307 
strives to optimise the coefficients of the Fl R filter so that 
an error signal e(n) is minimised. The error signal e(n) 
=d(n)- y c (n) where d(n) is a desirable output signal. The 
determination of the error signal is carried out by means 
of a summer311. To ensure that the coefficient adjusting 
means converges each time independently of its initial 
state, it is supplied with a reference signal r(n) from the 
model 309 of the forward filter. 
[0032] In mathematical terms it is possible to describe 
the effect of the invention by saying that it changes the 
transmission of the tool holder and, more specifically, 
changes the properties of one or more forward chan- 
nels, each forward channel being associated with an ex- 
citation direction. This way of looking at the matter is 
equivalent to the effect of the invention being that control 
vibrations are generated, which influence the vibrations 
of the tool holder. It should thus be pointed out that in 
many cases the forward channel cannot be considered 
time-invariant, i.e. a traditional linear systems theory is 
in many cases not applicable. The system is usually 
non-linear. 

[0033] The invention is applicable not only to turning 
but functions also for other types of cutting, such as mill- 
ing or drilling, in which also the above described control 
algorithm is applicable. 

[0034] In milling, the workpiece does not rotate, but 
instead the tool itself and its tool holder. Fig. 4 shows a 
milling tool holder 41 , whose direction of rotation is in- 
dicated by an arrow. The milling tool holder 41 has em- 
bedded sensors and active elements, of which two ac- 
tive elements 45, 47 are schematically shown . The most 
important vibrations that arise in milling are caused by 
torsion of the milling tool holder 41 owing to the engage- 
ment of the cutting edges 43 in the material of the work- 
piece. The milling tool holder 41 is also subjected to a 
certain degree of bending. The resultant forces are 
mainly helically directed round the axis of rotation of the 
milling tool holder 41 . A preferred arrangement of the 
active elements 45, 47b therefore is in a band round the 
milling tool holder 41 so that the active elements have 
an essential extent and simultaneously a direction of ac- 



tion helically round the axis of rotation of the tool holder 
41 . Thus, the resulting turning moments act essentially 
in the same directions as said torsion. A conceivable 
variant of or combination with the helical arrangement, 
5 however, is also to arrange the active elements parallel 
with the axis of rotation. 

[0035] In drilling, like in milling, the tool and the tool 
holder rotate. Drills have a tool in the form of drilling 
teeth supported by a tool holder. The teeth are usually 

w welded to the holder. However, also so-called high- 
speed-steel drills are available, in which the tool holder 
and the tool are integrally made. Also in that case, how- 
ever, the drill comprises in terms of definition a tool in 
the form of the actual teeth at the end of the drill and a 

is tool holder in the form of the remaining part of the drill. 
In drilling, the circumstances resemble those prevailing 
in milling. A clear distinction, however, is to be found in 
the direction of feed, which in drilling is parallel with the 
axis of rotation of the tool holder whereas it is perpen- 

20 dicularto the axis of rotation of the tool in milling. A fur- 
ther distinction is that the entire tool abuts against the 
workpiece in drilling whereas in milling the abutment is 
only partial. Therefore, in drilling the vibrations are al- 
most exclusively related to torsion. Active elements and 

25 sensors are arranged in about the same way as in mill- 
ing, but at a greater angle to the axis of rotation. 
[0036] Also vibrations in planing tools and other cut- 
ting tools can be controlled according to the invention. 
[0037] An alternative arrangement of sensors is, in 

30 connection with turning, between the actual insert and 
the tool holder, i.e. below the insert. In that case, a pres- 
sure-sensitive sensor is used. 
[0038] Besides, the sensors can be of different types. 
In addition to those mentioned above, use can be made 

35 of e.g. accelerometers and strain gauges. The latter, 
however, are less suitable than the piezoelectric sen- 
sors from the environmental point of view. 
[0039] Also the active elements can be of different 
types within the scope of the invention. In the future, 

40 even thinner elements than those used today will prob- 
ably be conceivable, for instance in the form of piezof ilm 
(PZT). The currently preferred type, however, is pie- 
zoceramic elements. 

[0040] The above-described arrangements of the 
45 sensors and actuators are examples of arrangements 
and many variants are possible, such as a combination 
of those shown or other numbers of actuators. For in- 
stance, in turning, it is possible to arrange two pairs of 
actuators in each direction or a plurality of actuators ad- 
50 jacent to those shown. In its simplest embodiment, the 
inventive device comprises only one actuator which 
comprises one active element. This, however, results in 
a more non-linear control system, which causes unnec- 
essary technical difficulties in controlling. Therefore it is 
55 an advantage to balance the system by arranging, like 
in the embodiment shown in Fig. 2, the active elements 
in pairs opposite each other, i.e. opposite each other on 
each side of the centre axis of the tool holder. A still 
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greater linearity is achieved if each actuator is besides 
formed of two active elements which are joined, for ex- 
ample by gluing, with each other, large face to large 
face, into a double element. The double element will cer- 
tainly be twice as thick as a single element, but gives a 
more dynamic effect, which sometimes is preferable. 
[0041] The active elements are in respect of form not 
bound to be rectangularly parallelepipedal and plate- 
shaped as the elements shown, but the form may vary 
according to the application. The plate shape, however, 
is advantageous since it contributes to minimising the 
volume of the element. Moreover, an elongate form is a 
good property which also contributes to imparting to the 
element a small volume. It is preferred for the dimen- 
sional changes to occur in the longitudinal direction of 
the element. 

[0042] The arrangement of the active elements in the 
tool holder may vary and certainly also affects the form. 
In addition to the above-described, preferred mounting 
where the elements certainly are glued to the base of 
the recess but two opposite power-transmitting surfaces 
essentially generate the turning moments, other alter- 
natives are possible. One alternative implies that the di- 
mensional change is fully transferred via the glue joint, 
which in principle is possible with today's strongest 
glues. Also other variants are contained within the scope 
of the invention. 

[0043] The active element is covered by casting, us- 
ing a suitable material. As an example, plastic materials 
can be mentioned. Preferably, however, a cover of metal 
is arranged on top and on the same level as the remain- 
ing tool holder surface. 



Claims 

1 . A device for vibration control in a machine for cut- 
ting, said machine comprising a cutting tool (21 , 43) 
supported by a tool holder (3, 23, 41), the device 
comprising a control unit (28) and converting means 
which are connectible to the control unit and com- 
prise a vibration sensor (24, 25) and an actuator 
(26, 27, 45, 47), and the actuator comprising an ac- 
tive element (26, 27, 45, 47) which converts an A. 
C. voltage supplied by the control unit to the actua- 
tor into dimensional changes, characterised in 
that said active element is adapted to be embedded 
in the body of the tool holder, that said active ele- 
ment is adapted to be embedded for imparting turn- 
ing moments to the body of the tool holder through 
said dimensional changes, and that the control unit 
is adapted, by means of said active element, to con- 
trol vibrations which are a result of a dynamic exci- 
tation of the tool holder in a chip forming process. 

2. A device as claimed in claim 1 , characterised in 

that said active element (26, 27, 45, 47) is adapted 
to be embedded with its centre axis spaced from 



the centre axis of the tool holder (3, 23, 41) . 

3. A device as claimed in claim 1 or 2, characterised 
in that said active element (26, 27, 45, 47) is adapt- 

5 ed to be embedded close to the surface of the tool 
holder (3, 23, 41). 

4. . A device as claimed in any one of the preceding 

claims, characterised in that said active element 
10 (26, 27, 45, 47) is plate-shaped. 

5. A device as claimed in any one of the preceding 
claims, characterised in that said actuator (26, 27, 
45, 47) comprises a double element which consists 

is of two active elements which are connected with 
each other via a large face each. 

6. A device as claimed in any one of the preceding 
claims, characterised in that said active element 

20 (26, 27, 45, 47) is a piezoceramic element. 

7. A method for vibration control in cutting, comprising 
the steps of detecting the vibrations of a tool holder 
during cutting, and generating control vibrations in 

25 the tool holder, by means of at least one active el- 
ement which is electrically controllable to dimen- 
sional changes, characterised by the steps of em- 
bedding said active element in the body of the tool 
holder, imparting, for generating the control vibra- 

30 tions, turning moments to the body of the tool holder 
by generating at least one control voltage and ap- 
plying the control voltage across said active ele- 
ment, and by varying the control voltage according 
to the detected vibrations, and thereby controlling 

35 vibrations which are a result of a dynamic excitation 
of the tool holder in a chip forming process. 

8. A method as claimed in claim 7, characterised by 
detecting the vibrations of the tool holder piezoelec- 

40 trically. 

9. A tool holder which is adapted to support a tool for 
cutting , the tool holder (3 , 23, 41 ) comprising an ac- 
tuator (26, 27, 45, 47), said actuator comprising an 

45 active element (26, 27, 45, 47) which is electrically 
controllable to dimensional changes, character- 
ised in that the active element (26, 27, 45, 47) is 
embedded in the body of the tool holder, wherein it 
is adapted to impart, through said dimensional 

so changes, turning moments to the body of the tool 
holder, and that the active element is usableforcon- 
trolling vibrations which are a result of a dynamic 
excitation of the tool holder in a chip forming proc- 
ess. 

55 

10. A tool holder as claimed in claim 9, characterised 
in that said active element (26, 27, 45, 47) is em- 
bedded with its centre axis spaced from the centre 
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axis of the tool holder (3, 23, 41 ). 

11. A tool holder as claimed in claim 9 or 10, charac- 
terised in that said active element (26, 27, 45, 47) 
is embedded close to the surface of the tool holder 
(3,23,41). 



characterised in that said active element is a pie- 
zoceramic element. 

21 . Use of a device as claimed in any one of claims 1 -6 
in a machine, the machine being one of a machine 
for turning, a machine for milling or a machine for 



12. A tool holder as claimed in claim 9, 10 or 11, char- 
acterised in that at least one pair of active ele- 
ments is arranged in such manner that the active 10 Patentanspriiche 
elements included in the pair are oppositely ar- 
ranged on each side of the centre axis of the tool 
holder (3, 23,41). 



13. A tool holder as claimed in any one of claims 9-12, 
characterised in that said active element (26, 27, 
45, 47) is arranged in a recess in the tool holder (3, 
23, 41) and is connected with the tool holder via a 
glue joint which transfers at least part of said dimen- 
sional change to the tool holder, and that the recess 



14. A tool holder as claimed in any one of claims 9-13, 
characterised in that said active element (26, 27, 
45, 47) is arranged in a recess in the tool holder (3, 
23, 41) and has two opposite power transmitting 
surfaces, said power transmitting surfaces being 
engaged with surfaces of the body of the tool holder 
and said dimensional changes changing the dis- 
tance between the powertransmitting surfaces, and 
that the recess is sealed. 

15. A tool holder as claimed in any one of claims 9-14, 
characterised in that it consists of a teeth holder 
(3, 23) for a turning lathe. 

16. A tool holder as claimed in any one of claims 9-14, 
characterised in that it consists of a teeth holder 
(41 ) for a milling machine, and that the teeth holder 
comprises active elements (45, 47) which are heli- 
cally arranged round the centre axis of the teeth 



17. A tool holder as claimed in any one of claims 9-14, 
characterised in that it consists of a teeth holder 
foradrilling machine, andthat the teeth holder com- 
prises active elements which are helically arranged 
round the centre axis of the teeth holder. 

18. A tool holder as claimed in any one of claims 9-17, 
characterised in that it comprises an embedded, 
piezoelectric sensor element (24, 25). 

19. A tool holder as claimed in any one of claims 9-1 8, 
characterised in that said embedded elements are 
cast into the body of the tool holder. 

20. A tool holder as claimed in any one of claims 9-19, 



1 . Vorrichtung zur Schwingungskontrolle in einer Ma- 
schine zum Schneiden, wobei die Maschine ein von 
einem Werkzeughalter (3, 23, 41) getragenes 
Schneidwerkzeug (21 , 43) umfasst, die Vorrichtung 
eine Steuereinheit (28) und eine Umwandlungsein- 
richtung umfasst, die an die Steuereinheit an- 
schlieBbar ist und einen Schwingungsfuhler (24, 
25) und einen Aktuator(26, 27, 45, 47) umfasst, wo- 
bei der Aktuator ein aktives Element (26, 27, 45, 47) 
umfasst, das eine von der Steuereinheit an den Ak- 
tuator gelieferte Wechselspannung in MaBande- 
rungen umwandelt, 

dadurch gekennzeichnet, 
dass das aktive Element zum Einbetten in den Kor- 
perdes Werkzeughalters abgestimmt ist, das aktive 
Element zum Einbetten abgestimmt ist, urn dem 
Korper des Werkzeughalters Drehmomente durch 
die MaBanderungen zu iibermitteln, und die Steu- 
ereinheit mittels des aktiven Elements abgestimmt 
wird, urn Schwingungen zu kontrollieren, die das 
Ergebnis einer dynamischen Anregung des Werk- 
zeughalters in einem spanenden Formungsverfah- 
ren sind. 

2. Vorrichtung nach Anspruch 1 , 
dadurch gekennzeichnet, 

dass das aktive Element (26, 27, 45, 47) abge- 
stimmt ist, urn mit der Mittelachse von der Mittelach- 
se des Werkzeughalters (3, 23, 41 ) beabstandet 
eingebettet zu werden. 

3. Vorrichtung nach Anspruch 1 Oder 2, 
dadurch gekennzeichnet, 

dass das aktive Element (26, 27, 45, 47) abge- 
stimmt ist, urn nahe der Oberflache des Werkzeug- 
halters (3, 23, 41) eingebettet zu werden. 

4. Vorrichtung nach einem der vorhergehenden An- 
spruche, 

dadurch gekennzeichnet, 

dass das aktive Element (26, 27, 45, 47) plattenfor- 

mig ist. 

5. Vorrichtung nach einem der vorhergehenden An- 
sp ruche, 

dadurch gekennzeichnet, 

dass der Aktuator (26, 27, 45, 47) ein Doppelele- 
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ment umfasst, das aus zwei aktiven Elementen be- 
steht, die jeweils durch eine groBe Flache mitein- 
anderverbunden sind. 

6. Vorrichtung nach einem der vorhergehenden An- 
spruche, 

dadurch gekennzeichnet, 

dass das aktive Element (26, 27, 45, 47) ein piezo- 

keramisches Element ist. 

7. Verfahren zur Schwingungskontrolle beim Schnei- 
den, welches diefolgenden Schritte umfasst: 

Erfassen derSchwingungen eines Werkzeugs- 
halters wan rend des Schneidens und 
Erzeugen von Kontrollschwingungen im Werk- 
zeughalter mittels wenigstens eines aktiven 
Elements, welches elektrisch auf MaBanderun- 
gen kontrollierbar ist, gekennzeichnet durch 
die Schritte eines Einbettens des aktiven Ele- 
ments in den Korper des Werkzeughalters, ei- 
nes Ubermittelns von Drehmomenten auf den 
Korper des Werkzeughalters zum Erzeugen 
der Kontrollschwingungen, indem wenigstens 
eine Steuerspannung erzeugt und die Steuer- 
spannung auf das aktive Element angelegt 
wird, und indem die Steuerspannung entspre- 
chend der erfassten Schwingungen variiert 
wird und dadurch die Schwingungen kontrol- 
liert werden, die das Ergebnis einer dynami- 
schen Anregung des Werkzeughalters in ei- 
nem spanenden Formungsverfahren sind. 

8. Verfahren nach Anspruch 7, 
dadurch gekennzeichnet, 

dass die Schwingungen des Werkzeughalters pie- 
zoelektrisch erfasst werden. 

9. Werkzeughalter, der zum Tragen eines Schneid- 
werkzeugs abgestimmt ist, wobei derWerkzeughal- 
ter (3, 23, 41) einen Aktuator (26, 27, 45, 47) um- 
fasst, welcher ein aktives Element (26, 27, 45, 47) 
umfasst, das elektrisch auf MaBanderungen kon- 
trollierbar ist, 

gekennzeichnet dadurch, 
dass das aktive Element (26, 27, 45, 47) im Korper 
des Werkzeughalters eingebettet ist, in dem es ab- 
gestimmt wird, urn dem Korper des Werkzeughal- 
ters durch die MaBanderungen Drehmomente zu 
ubermitteln, und das aktive Element zum Kontrol- 
lieren von Schwingungen verwendet werden kann, 
die das Ergebnis einer dynamischen Anregung des 
Werkzeughalters in einem spanenden Formungs- 
verfahren sind. 

10. Werkzeughalter nach Anspruch 9, 
dadurch gekennzeichnet, 

dass das aktive Element (26, 27, 45, 47) mit der 



Mittelachse von der Mittelachse des Werkzeughal- 
ters (3, 23, 41) beanstandet eingebettet ist. 

11. Werkzeughalter nach Anspruch 9 oder 10, 
5 dadurch gekennzeichnet, 

dass das aktive Element (26, 27, 45, 47) nahe der 
Oberflache des Werkzeughalters (3, 23, 41) einge- 
bettet ist. 

10 12. Werkzeughalter nach Anspruch 9, 10 oder 11 , 
dadurch gekennzeichnet, 
dass wenigstens ein Paar aktiver Element so an- 
geordnet ist, dass die in dem Paar enthaltenen ak- 
tiven Elementeauf jedem Ende der Mittelachse des 
'5 Werkzeughalters (3, 23, 41) jeweils einander ge- 
geniiber angeordnet sind. 

13. Werkzeughalter nach einem der Anspriiche 9 bis 
12, 

20 dadurch gekennzeichnet, 

dass das aktive Element (26, 27, 45, 47) in einer 
Vertiefung im Werkzeughalter (3, 23, 41) angeord- 
net und durch eine Klebverbindung mit dem Werk- 
zeughalter verbunden ist, die dem Werkzeughalter 
25 wenigstens einen Teil der MaBanderung ubermit- 
telt, und die Vertiefung abgedichtet ist. 

14. Werkzeughalter nach einem der vorhergehenden 
Anspruche 9 bis 13, 

30 dadurch gekennzeichnet, 

dass das aktive Element (26, 27, 45, 47) in einer 
Vertiefung in dem Werkzeughalter (3, 23, 41 ) ange- 
ordnet ist und zwei gegenuberliegende energie- 
iibertragende Oberflachen aufweist, wobei die en- 
35 ergieiibertragenden Oberflachen mit Oberflachen 
des Korpers des Werkzeughalters in Eingriff stehen 
und die MaBanderungen den Abstand zwischen 
den energieiibertragenden Oberflachen verandern, 
und die Vertiefung abgedichtet ist. 

40 

15. Werkzeughalter nach einem der vorhergehenden 
Anspruche 9 bis 14, 

dadurch gekennzeichnet, 
dass dieser aus einem Zahnhalter (3, 23) fur eine 
45 Drehbank besteht. 

16. Werkzeughalter nach einem der vorhergehenden 
Anspruche 9 bis 14, 

dadurch gekennzeichnet, 
so dass dieser aus einem Zahnhalter (41) fur eine 
Frasmaschine besteht, und der Zahnhalter aktive 
Elemente (45, 47) umfasst, die schraubenformig 
urn die Mittelachse des Zahnhalters angeordnet 
sind. 

55 

17. Werkzeughalter nach einem der vorhergehenden 
Anspruche 9 bis 14, 

dadurch gekennzeichnet, 
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dass dieser aus einem Zahnhalter (3, 23) fur eine 
Bohrmaschine besteht, und der Zahnhalter aktive 
Elemente umfasst, die schraubenformig urn die Mit- 
telachse des Zahnhalters angeordnet sind. 

18. Werkzeughalter nach einem der vorhergehenden 
Anspruche 9 bis 17, 

dadurch gekennzeichnet, 

dass dieser ein eingebettetes, piezoelektrisches 

Fuhlerelement (24, 25) umfasst. 

19. Werkzeughalter nach einem der vorhergehenden 
Anspruche 9 bis 18, 

dadurch gekennzeichnet, 

dass dieeingebetteten Elemente in den Korperdes 

Werkzeughalters eingegossen sind. 

20. Werkzeughalter nach einem der vorhergehenden 
Anspruche 9 bis 1 9, 

dadurch gekennzeichnet, 
dass das aktive Element ein piezokeramisches Ele- 
ment ist. 

21. VerwendungeinerVorrichtung nach einem der vor- 
hergehenden Anspruche 1 bis 6 in einer Maschine, 
wobei diese Maschine eine Maschine zum Drehen, 
eine Maschine zum Frasen oder eine Maschine 
zum Bohren ist. 



Revendications 

1 . Dispositif de commande de vibration dans une ma- 
chine de coupe, la dite machine comprenantun outil 
de coupe (21 , 43) supporte par un porte-outil (3, 23, 
41), le dispositif comprenant une unite de comman- 
de (28) et des moyens de conversion qui peuvent 
etre connectes a I'unite de commande et qui com- 
prennent un detecteur de vibration (24, 25) et un 
actionneur (26, 27, 45, 47), et I'actionneur compre- 
nant un element actif (26, 27, 45, 47) qui convertit 
une tension alternative fournie par I'unite de com- 
mande a I'actionneur en changements dimension- 
nels, caracterise en ce que le dit element actif est 
prevu pour etre noye dans le corps du porte-outil, 
en ce que le dit element actif est prevu pour etre 
noye de facon a communiquer des moments de ro- 
tation au corps du porte-outil par I'intermediaire des 
dits changements dimensionnels, et en ce que 
I'unite de commande est prevue, par I'intermediaire 
du dit element actif, pour commander des vibrations 
qui sont un resultat d'une excitation dynamique du 
porte-outil dans une operation de formation de co- 
peaux. 

2. Dispositif selon la revendication 1 , caracterise en 
ce que le dit element actif (26, 27, 45, 47) est prevu 
pour etre noye de sorte que son axe central est es- 



pace de I'axe central du porte-outil (3, 23, 41). 

3. Dispositif selon la revendication 1 ou 2, caracterise 
en ce que le dit element actif (26, 27, 45, 47) est 

5 prevu pour etre noye pres de la surface du porte- 
outil (3, 23,41). 

4. Dispositif selon une quelconque des revendications 
precedentes, caracterise en ce que le dit element 

io actif (26, 27, 45, 47) est en forme de plaque. 

5. Dispositif selon une quelconque des revendications 
precedentes, caracterise en ce que le dit action- 
neur (26, 27, 45, 47) comprend un double element 

is qui consiste en deux elements actifs qui sont mu- 
tuellement connectes via une grande face de cha- 
cun. 

6. Dispositif selon une quelconque des revendications 
20 precedentes, caracterise en ce que le dit element 

actif (26, 27, 45, 47) est un element piezocerami- 
que. 

7. Procede de commande de vibration dans une ma- 
ss chine de coupe, comprenant les Stapes de detec- 
tion des vibrations d'un porte-outil pendant la cou- 
pe, et de generation de vibrations de commande 
dans le porte-outil, au moyen d'au moins un ele- 
ment actif qui peut etre commande electriquement 

30 poursubir des changements dimensionnels, carac- 
terise par les etapes d'encastrement du dit element 
actif dans le corps du porte-outil ; de communica- 
tion, pour engendrer les vibrations de commande, 
de moments de rotation au corps du porte-outil par 

35 generation d'au moins une tension de commande 
et application de la tension de commande aux bor- 
nes du dit element actif ; etde variation de la tension 
de commande en f onction des vibrations d&ectees, 
afin de commander des vibrations qui sont un re- 

40 sultat d'une excitation dynamique du porte-outil 
dans une operation de formation de copeaux. 

8. Procede selon la revendication 7, caracterise par 
la detection des vibrations du porte-outil de fagon 

45 piezoelectrique. 

9. Porte-outil qui est prevu pour supporter un outil de 
coupe, le porte-outil (3, 23, 41) comprenant un ac- 
tionneur (26, 27, 45, 47), le dit actionneur compre- 

so nant un element actif (26, 27, 45, 47) qui peut etre 
electriquement commande de facon a subir des 
changements dimensionnels, caracterise en ce 
que I'element actif (26, 27, 45, 47) est noye dans le 
corps du porte-outil de sorte qu'il peut appliquer, par 

55 I'intermediaire des dits changements dimension- 
nels, des moments de rotation au corps du porte- 
outil, et en ce que I'element actif est utilisable pour 
commander des vibrations qui sont un resultat 
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d'une excitation dynamique du porte-outil dans une 
operation de formation de copeaux. 

10. Porte-outil selon la revendication 9, caracterise en 
ce que le dit element actif (26, 27, 45, 47) est noye 
de sorte que son axe central est espace de I'axe 
central du porte-outil (3, 23, 41). 



11. Porte-outil selon la revendication 9 ou 10, ci 
rise en ce que le dit element actif (26, 27, 45, 47) 
est noye pres de lasurface du porte-outil (3, 23, 41). 

12. Porte-outil selon la revendication 9, 10 ou 11, ca- 
racterise en ce qu'au moins une paire d'elements 
actifs est agencee d'une maniere telle que les ele- 
ments actifs inclus dans la paire sont agences en 
opposition de part et d'autre de I'axe central du por- 
te-outil (3,23, 41). 



element de detection piezoelectrique noye (24, 25). 

19. Porte-outil selon une quelconque des revendica- 
tions 9 a 18, caracterise en ce que les dits ele- 
ments noyes sont places au moulage a I'interieur 
du corps du porte-outil. 

20. Porte-outil selon une quelconque des revendica- 
tions 9 a 1 9, caracterise en ce que le dit element 
actif est un element piezoceramique. 

21. Utilisation d'un dispositif selon une quelconque des 
revendications 1 a 6, dans une machine, la machine 
etant I'une d'une machine de tournage, d'une ma- 
chine de fraisage ou d'une machine de percage. 



13. Porte-outil selon une quelconque des revendica- 
tions 9 a 12, caracterise en ce que le dit element 
actif (26, 27, 45, 47) est agence dans un evidement 
du porte-outil (3, 23, 41) et il est relie au porte-outil 
par une jonction collee qui transfere au moins une 
partie du dit changement dimensionnel au porte- 
outil, et en ce que I'evidement est scelle. 

14. Porte-outil selon une quelconque des revendica- 
tions 9 a 13, caracterise en ce que le dit element 
actif (26, 27, 45, 47) est agence dans un evidement 
du porte-outil (3, 23, 41) et presente deux surfaces 
opposees de transmission de puissance, les dites 
surfaces de transmission de puissance etant en 
contact avec des surfaces du corps du porte-outil 
et les dits changements dimensionnels modifiant la 
distance entre les surfaces de transmission de puis- 
sance, et en ce que I'evidement est scelle. 

15. Porte-outil selon une quelconque des revendica- 
tions 9 a 14, caracterise en ce qu'il consiste en un 
porte-lames (3, 23) pour un tour rotatif. 

16. Porte-outil selon une quelconque des revendica- 
tions 9 a 1 4, caracterise en ce qu'il consiste en un 
porte-lames (41) pour une fraiseuse, et en ce que 
le porte-lames comprend des elements actifs (45, 
47) qui sont agences helicoTdalement autour de 
I'axe central du porte-lames. 

17. Porte-outil selon une quelconque des revendica- 
tions 9 a 14, caracterise en ce qu'il consiste en un 
porte-lames pour une perceuse, et en ce que le 
porte-lames comprend des elements actifs qui sont 
agences helicoTdalement autour de I'axe central du 
porte-lames. 



18. Porte-outil selon une quelconque des revendica- 
tions 9 a 1 7, caracterise en ce qu'il comprend un 



10 



EP1 140 421 B1 




EP1 140 421 B1 




